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Describing the behaviour of strongly interact-
ing particles in the presence of disorder is among
the most challenging problems in quantum many-
body physics. The controlled setting of cold atom
experiments provides a new avenue to address
these challenges [1], complementing studies in
solid state physics, where a number of puzzling
findings have emerged in experiments using su-
perconducting thin films [2, 3]. Here we investi-
gate a strongly interacting thin film of an atomic
Fermi gas subject to a random potential. We
use high-resolution in-situ imaging [4–7] to re-
solve the atomic density at the length scale of
a single impurity, which would require scanning
probe techniques in solid state physics [8]. This
allows us to directly observe the fragmentation of
the density profile and to extract its percolation
properties. Transport measurements in a two-
terminal configuration indicate that the fragmen-
tation process is accompanied by a breakdown of
superfluidity. Our results suggest that percola-
tion of paired atoms is responsible for the loss of
superfluidity, and that disorder is able to increase
the binding energy of pairs.
Two main scenarios have emerged, regarding the
mechanism by which disorder can destroy conventional
fermionic superfluidity in a thin film. In the first sce-
nario, Cooper pairs are broken by disorder, and the un-
paired particles get localised [9], whereas in the second
scenario Cooper pairs are preserved in the presence of
disorder and get themselves localised. The latter leads
to the emergence of a bosonic insulator [10] recently ob-
served in-situ in an amorphous superconducting film [8].
To investigate this issue with cold atoms, we pro-
duce a cold atomic thin film by strongly confining a
unitary Fermi gas along one direction. The resulting
superfluid has a short coherence length [11], a feature
also encountered in exotic superconductors such as cop-
per oxides [3]. The thin film has a chemical potential
µ ' 1.9 ~ωz = 0.55(7)µK, where ωz = 2pi · 6.1 kHz is
the trap frequency along the tightly confined z direction.
This yields an interaction parameter ln(kµa2D) = 1.5
in the absence of disorder, corresponding to a strongly-
interacting BCS-type regime [12, 13] (see Methods), with
a2D denoting the two-dimensional scattering length and
kµ =
√
2mµ/~2 the momentum associated with the
chemical potential. We then add a controlled disorder
in the film [1], which introduces two new energy scales,
the average disorder strength V¯ , and the correlation en-
ergy Eσ = ~2/mσ2, where σ = 0.72(5)µm is the disorder
correlation length. We have µ > Eσ, so that Anderson
localisation of individual atoms at weak disorder should
not occur [14, 15]. However, we also have Eσ = 2.4 · Eb,
where Eb = ~2/ma22D is the binding energy of pairs, im-
plying that disorder will exert different forces on the two
paired constituents. In this regime, pairing is directly in-
fluenced by disorder and the question about the nature of
the mechanism breaking superfluidity becomes relevant.
We first investigate the density distribution in the dis-
ordered potential using high-resolution imaging. Figure
1 presents absorption images of the in-situ density for
various disorder strengths. Figure 1a shows a clean film,
smoothly connected on two sides to reservoirs, see Meth-
ods and [16] for details. For V¯ /µ = 0.45 (Fig. 1b), first
density ripples appear. With increasing V¯ /µ, they be-
come more pronounced until V¯ /µ = 1.8 (Fig. 1d), where
unpopulated regions occupy a significant fraction of the
channel. At the largest disorder strength of V¯ /µ = 3.3
(Fig. 1e) the gas is composed of disconnected pockets
separated by large empty regions. Figure 1f shows the
potential landscape observed directly with our imaging
system (see Supplementary Information). In figure 1g,
the density at three distinct points (labeled A, B, C in
figure 1f) is monitored as a function of disorder strength
along the fragmentation process. Point A and C corre-
spond to a large and a moderate potential hill and the lo-
cal densities at these positions decrease correspondingly
fast. In contrast, point B corresponds to a potential val-
ley and its local density remains constant, suggesting that
the superfluid persists locally at this point for all disorder
strengths. The density averaged over the center part of
the channel is shown for comparison in the same graph.
It shows a smooth decrease with increasing disorder, due
to the repulsive nature of the random potential.
The appearance of density modulations can be quan-
tified by extracting the variance of the density δn2.
It is presented in figure 1h as a function of disorder
strength and shows a non-monotonous evolution: from
zero disorder to V¯ /µ ∼ 1 density modulations increase
quickly although the average density decreases in this
interval. Having reached its maximum value at around
V¯ /µ ∼ 1, the modulations slowly decrease for higher dis-
order, likely because the average density decreases.
The fragmentation process of the continuous density
profile is naturally described in terms of percolation [17].
We thus apply the tools of continuous percolation theory
to the absorption images. For each disorder strength, we
determine the length l of the shortest possible connecting
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FIG. 1: Evolution of the column density n (in units of σ−2) as the disorder strength is increased. a-e: High-resolution images of
size 21× 72µm of the in-situ density distribution in the channel for increasing V¯ /µ. The saturated column density on top and
bottom marks the beginning of the reservoirs, which extend far beyond the field of view. The systematic uncertainty in V¯ /µ is
estimated to be 30 % (see Methods). f: Image of the projected speckle pattern. The density ripples, gradually appearing from
figure a to e, can be matched one to one to bright (potential hills) and dark spots (potential valleys) in the image. g: Local
column density as a function of disorder strength for three specific points indicated in the potential landscape of panel f (point
A: red, point B: blue, point C: cyan), each computed within a region of size 1.2 × 1.2µm marked as red squares in image c.
The grey data points are the mean column density in the channel, computed in a central region of size 18× 7µm. h: Variance
of the density computed in the same central region. The dashed line represents the theoretical percolation threshold for the
potential seen by point-like pairs.
path from one reservoir to the other, along which the
density n always stays above a certain chosen density
level n˜ (see Methods). The distance between the two
ends of the reservoirs is L = 42µm. A typical result is
presented in figure 2a.
We evaluate the normalised path length l/L as a func-
tion of n˜. The results are shown in figure 2b for differ-
ent disorder strengths. Typically, l/L remains close to
one for n˜ much smaller than the mean density since the
path remains close to a straight line. With increasing
n˜, l/L increases since regions of low density have to be
circumvented. Beyond a critical threshold nth, no con-
necting path exists anymore. For large disorder strengths
(V¯ /µ = 1.39, 2.78) l/L reaches values as high as 1.6 for
n˜ close to nth, limited by the extension of the cloud in
the transverse direction. In contrast, for low disorder
(V¯ /µ = 0.12, 0.58) the increase is limited to l/L ∼ 1.2,
which is comparable to the detection-noise induced in-
crease without disorder (see Methods and Supplementary
Information). These l(n˜) curves are typical for percola-
tion transitions, and allow to unambiguously identify the
percolation threshold of the density nth. The thresholds
are plotted as a function of disorder strength in figure 2c.
Two regimes can be identified: For V¯ /µ < 1, nth shows
a fast decrease since disorder grains of large amplitude
quickly penetrate the film. For V¯ /µ > 1 the decrease is
slowed down because most of the potential hills have al-
ready pierced the film. The transition coincides with the
theoretically expected percolation threshold for tightly
bound pairs, indicated by the vertical dashed line.
The ratio of the percolation threshold to the mean den-
sity is presented in figure 2d. It starts very close to one
for weak disorder. Indeed, in a 2D continuous symmet-
ric random profile the percolation threshold is equal to
the average [18]. For stronger disorder, this rule is vio-
lated and the threshold drops to values lower than the
mean, indicating an increasing asymmetry in the density
modulations due to the emergence of empty regions.
The path length l/L as a function of disorder strength
contains additional information. To show this we stack
all l(n˜)/L curves as a function of disorder strength on
the vertical axis, encoding l/L in color. It is set to grey
if no connecting path exists. The resulting 2D map is
shown in figure 2e, manifesting the two regimes also in
the path length: For V¯ < µ the maxima of l/L reached
at the percolation transitions remain moderate, whereas
in the strongly disordered regime V¯ > µ, large values of
l/L are encountered. The transition observed in figure
2c and 2e coincides with the maximum in the density
modulations in figure 1h, confirming our interpretation
of two regimes, smooth and fragmented. For comparison,
we have reproduced the percolation analysis on a cloud
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FIG. 2: Percolation properties of the density distribution. a: Shortest connecting path between the two ends of the reservoirs
(indicated by the red dashed lines) for V¯ /µ = 1.39 and a density level of n˜ = 0.6/σ2 close to the percolation threshold. The
path displays strong deviations from a straight line and has a length of 1.5 · L b: Shortest path length as a function of density
level n˜ (in units of σ−2), for V¯ /µ = 0.12, 0.58, 1.39, 2.78 in blue, cyan, green, red, respectively. c: Percolation threshold as a
function of disorder strength. d: Percolation threshold normalized to the average density as a function of disorder strength.
Error bars represent the statistical error in the measurement of n. e: Map of the relative path length as a function of n˜ and
V¯ /µ. The dashed lines in c and e represent the theoretical percolation threshold of the potential seen by point-like pairs of
atoms (see text).
subject to a homogeneous potential instead of the speckle
pattern [15], finding only a single smooth regime (see
Supplementary Information).
The evolution from smooth to fragmented density is
accompanied by a clear change in the transport proper-
ties. We measure the dimensionless resistance r of the
thin film as a function of disorder strength (see Meth-
ods) [15, 20]. The results are presented in figure 3a and
are similar to the case of a disordered bosonic superfluid
[20]. For the lowest disorder, the resistance is unmeasur-
ably low, as it should be for a superfluid gas. The resis-
tance increases very quickly until V¯ /µ ∼ 0.7. Above this
disorder strength the resistance increases more slowly.
In order to disentangle the effects of strong interactions
from single-particle effects, like simple atomic diffusion,
we repeat the same experiment with a weakly interacting
Fermi gas, for the same trapping potential, disorder con-
figuration, and atom number. The resistances observed
are shown in figure 3a as grey dots and show a smooth
exponential evolution with disorder strength. For zero
disorder, the resistance corresponds to the contact resis-
tance of the ballistic channel [16].
We compare the transport properties of the two
cases by evaluating the ratio of absolute resistances
Runi/RWIF = CWIF/Cuni · runi/rWIF where Cuni (CWIF)
is the compressibility of the reservoirs for the unitary
(weakly interacting) Fermi gas. Assuming zero tempera-
ture and a harmonic trap for unitary and weakly interact-
ing Fermi gases, one obtains CWIF/Cuni =
√
ξB, where
ξB = 0.38 is the Bertsch parameter [21]. Figure 3b shows
the evolution of Runi/RWIF with disorder strength. We
observe a sharp decrease at V¯ /µ < 0.7. Interestingly,
Runi/RWIF varies only very weakly and remains close to
one in the strong disorder regime at V¯ /µ & 1. This sug-
gests that beyond a certain level disorder dominates over
interactions, even in a unitary Fermi gas.
The transition between the two regimes takes place
close to the transition observed in the in-situ data. This
suggests a percolation process driving the transition: For
strong disorder, the superfluid fraction is localised and
transport takes place as if the gas was normal. At the
percolation threshold the superfluid islands start to con-
nect and the resistance drops accordingly. The classical
percolation threshold of the potential for a free atom of
energy µ is reached at V¯ = 1.92µ [22, 23]. However, the
potential seen by pairs is a more intricate problem and in
the limit of tightly bound, point-like pairs it is equal to
twice that for free atoms [21]. In this extreme case, the
percolation transition for pairs happens at V¯ = 0.95µ.
This is indicated by the dashed, vertical lines in figures
1h, 2c, 2e, and 3. Our observations suggest that one can
consider the pairs as tightly bound for V¯ & µ, and hence
that disorder increases the binding energy of the pairs
(see Supplementary Information for details). This case
of tightly bound pairs being localised even while unpaired
atoms are extended has been discussed in the context of
the superconductor-insulator transition for a certain class
of materials [24].
Geometric percolation transitions play also a natu-
ral role in the disorder-induced superconductor-insulator
transition in granular superconductors and may explain
local [8] and global [25] tunneling spectroscopy measure-
ments, as well as anomalous large magnetoresistance [26]
in homogeneously disordered amorphous films [3].
In future, the ability to locally observe the density dis-
tributions could be extended to a local measurement of
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FIG. 3: Resistance of the thin film. a: Dimensionless resis-
tance as a function of disorder strength for the strongly inter-
acting Fermi gas (blue squares) and for a weakly interacting
Fermi gas (grey circles) for comparison. b: Ratio of absolute
resistances of the strongly and weakly interacting Fermi gas.
The dashed-dotted horizontal red line emphasizes that the
ratio is close to one in the strongly disordered regime. The
dashed vertical black line indicates the theoretical percolation
threshold for the potential seen by tightly bound, point-like
pairs.
the single-particle density of states using radio-frequency
spectroscopy. This may allow to directly relate our find-
ings to prominent models of disordered systems, such as
a Bose-glass [27, 28], or a pseudo-gap phase [29].
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Methods
Experimental setup
Our experiment uses the system described in [15, 16].
In brief, a degenerate Fermi gas of about 105 atoms of
6Li in a balanced mixture of the two lowest hyperfine
states is produced by forced evaporation in an optical
dipole trap. The experiments are performed in a ho-
mogeneous magnetic field of 834 G, where the gas is in
the unitary regime and resides in a superfluid state. A
tightly confining channel with a central trap frequency of
ωz = 2pi · 6.1 kHz is imprinted at the center of the cigar-
shaped cloud, creating two atomic reservoirs, connected
by a quasi-2D channel. Two microscope objectives are
used to address the atoms in the constriction [30].
The disordered potential is generated optically: we use
a speckle pattern, produced by a laser at 532 nm, and
project it on the constriction along the z-axis through the
upper objective. It can be imaged by the lower micro-
scope objective, allowing for a precise characterization of
the disordered potential. The pattern has a gaussian en-
velope with a waist of 35µm. We characterize its strength
by the ac Stark shift at the maximum value V¯ of the en-
velope. The uncertainty in V¯ amounts to 20% and is due
to optical power measurement. The correlation length σ
of the speckle pattern is defined as the 1/
√
e - radius of a
gaussian fit to the autocorrelation function of the speckle
pattern and yields 0.72µm.
Starting from a strongly interacting gas in the channel,
we switch on the disorder to a variable strength and wait
for 150 ms for thermalization with the reservoirs. The
atoms are then illuminated by a 4µs pulse of resonant
light with an intensity of about 0.1 Isat, where Isat is the
saturation intensity of the transition, and the absorption
pattern is registered on an EMCCD camera. We average
typically 20 of those pictures to reduce noise, leading to
the images shown in figure 1 and analysed in figure 2.
Fermi gas in a random potential
At low temperature, the unitary Fermi gas, strongly
confined along one direction, has two energy scales: The
chemical potential µ = 0.55(7)µK, obtained by assuming
a harmonically trapped zero temperature unitary Fermi
gas, and the binding energy of pairs Eb. Since the film
is connected to macroscopic reservoirs that are not af-
fected by disorder, the chemical potential in the channel
is fixed. With µ ' 1.9 ~ωz, where ωz = 2pi · 6.1 kHz
is the trap frequency along the tightly confined direc-
tion, the gas is in the confinement dominated regime
[31]. In a gas tightly confined in one direction, we have
Eb = 0.24 ~ωz [12, 13]. This energy scale defines the 2D
scattering length a2D = ~/
√
mEb, m denoting the mass
of lithium atoms, which is also the typical size of a pair
of atoms. We parametrize the interaction strength by
ln(kµa2D), where kµ =
√
2mµ
~ is the momentum of a par-
ticle at energy µ, with BEC or BCS regimes correspond-
ing to ln(kµa2D) negative or positive. In our experiment,
without disorder we have ln(kµa2D) = 1.5.
5Percolation analysis
The shortest possible connecting path between the two
reservoirs for a given disorder strength and density level n˜
is determined as follows: in a window of size 42× 24µm,
comprising the full film and overlapping with the ends
of the reservoirs (see figure 2a), we set all pixels (size
0.6×0.6µm) with density n ≥ n˜ to one and all pixels with
n < n˜ to zero. We then run the burning algorithm [17]
on this binary grid, retaining the length l of the shortest
possible path. Due to the inherent detection noise the
recorded density profile is not perfectly homogenous even
at zero disorder potential and therefore also leads to a
moderate increase in path length when n˜ is increased
(see Supplementary Information).
Resistance measurement
The transport experiment is performed using the tech-
nique presented in [16]. The disordered film is smoothly
attached on two sides to macroscopic atomic reservoirs,
which have identical geometry and atom numbers N1 and
N2. During preparation a constant magnetic field gradi-
ent of 2.5 mT/m along the long axis (transport axis) of
the trap is applied in order to shift the trap with respect
to the center of the channel. We restore the symmetry
of the trapping potential by ramping the magnetic field
gradient to zero within 10 ms. This procedure leads to
a low temperature unitary superfluid in each reservoir
with a relative imbalance (N1 − N2)/(N1 + N2) = 0.3,
corresponding to a chemical potential bias of ∆µ ' 0.1µ.
As a response to this bias an atomic current sets in. The
starting point of the transport measurement is defined
by the endpoint of the ramp-down of the magnetic field
gradient.
We fit the time evolution of (N1−N2)/(N1 +N2) with
a decreasing exponential, providing a decay constant τ .
This fit accurately reproduces the data for V¯ /µ > 0.2. In
this case, the time evolution is analogous to the discharge
of a capacitor through a resistor. The compressibility of
the reservoirs, which plays the role of the capacity of the
capacitor, is not affected by the disorder and thus re-
mains constant. Hence, the evolution of τ with disorder
strength directly reflects the evolution of the resistance
of the film with disorder strength. We normalize τ by the
trap frequency along the transport axis in the absence of
disorder and channel to obtain the dimensionless resis-
tance r [15]. Error bars correspond to fit errors.
The weakly interacting Fermi gas is prepared at a
magnetic field of 475G, where the scattering length is
−100 a0, and a0 is the Bohr radius. This results in a
weakly interacting Fermi gas (WIF) of about the same
atom number at a temperature of 0.25(5)TF , TF =
1.0(2)µK denoting the Fermi temperature in this case.
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7SUPPLEMENTARY INFORMATION
Observation of the potential landscape at the single impurity level
Our experimental system comprises two identical microscope objectives facing each other. One of them is used to
create the fine grained speckle pattern, and the other is used to image both the intensity distribution of the speckle
and the density of the atoms with negligible chromatic aberrations [S1]. We now analyse the pictures of the speckle
pattern to quantify the ratio of optical resolution to the correlation length of the disorder. To this end, we look at
the central part of the speckle pattern (30x30µm) where the atoms reside, and plot the histogram of the intensity
distribution in all pixels of size 300x300 nm. The normalised histogram is presented in figure S1, as a function of the
relative intensity I/I¯ where I¯ is the mean intensity.
FIG. S1: Normalized histogram of the intensity distribution of the speckle pattern observed through the imaging system. An
exponential shape of the distribution is expected for fully resolved speckle, and the rounding observed at low values of I/I¯ can
be used to estimate the finite resolution effects.
We observe an exponential distribution over three orders of magnitude for the intensity, which is predicted for the
fully developed speckle pattern [S2]. The effects of finite resolution of the optical system manifest themselves in the
rounding of the intensity distribution close to zero: the blurring of the speckle pattern strongly reduces the probability
to observe very low intensity regions.
By supposing that the rounding observed in figure S1 is entirely due to finite resolution effects, we obtain an
upper bound of the ratio of the optical resolution area to the correlation area. We use the approximate probability
distribution of integrated speckle given in the literature [S2] and evaluate the amount of blurring from the position
and height of the maximum in the histogram. This yields a ratio of resolution area to correlation area of 0.11(2),
where the uncertainty comes from finite sample-size noise in the histogram. This low value confirms that our imaging
system is capable to resolve single modulations of the potential, which we are able to relate one to one to modulations
in the density profile (figure 1 in main text).
The correlation length of the speckle pattern is obtained by fitting a gaussian to the autocorrelation function of
the speckle pattern, like in our previous works (for example [S3]). This analysis neglects the effects of finite optical
resolution. This correlation length σ = 0.72µm and the numerical aperture NA = 0.53 of our imaging system provide
another possibility to calculate the ratio of optical resolution area pi(λ/2NA)2 to correlation area piσ2, yielding an
expected value of 0.12, in agreement with the above estimate.
Scattering and Feshbach resonances in a random potential
Consider two atoms confined to two dimensions in the presence of a random potential, with average amplitude V¯
and correlation length σ. The classical frequency scale for the oscillations in a local minimum of the random potential
8is Ω = 1σ
√
V¯
m . In analogy with optical lattices, we can write ~Ω =
√
V¯ Eσ with Eσ =
~2
mσ2 the correlation energy,
which is the counterpart of the recoil energy in an optical lattice [S4].
The presence of disorder modifies the boundary conditions for the scattering problem, by localising the atoms. We
now illustrate the effect of disorder on scattering with the case of a classical speckle potential V¯  Eσ. Here atoms
get increasingly localised in local potential minima, where the trapping potential is approximately harmonic. Let ωz
be the trap frequency along the direction perpendicular to the plane of the film, and ω1, ω2 the local trap frequencies
in the plane. On the Feshbach resonance, where the 3D scattering length diverges, the two-body binding energy of the
two atoms is Eb = ~(ωzω1ω2)1/3 [S5]. With increasing disorder strength V¯ , the trap frequencies in the plane increase
and the binding energy increases as well. In the absence of disorder, the binding energy is equal to Eb,0 = 0.24 ~ωz
[S6–S8]. In a situation where the speckle is isotropic, we write
√
ω1ω2 = ω‖ = αΩ, defining α as the in-plane trap
frequency in units of Ω. The binding energy of pairs then reads
Eb
Eb,0
=
1
0.24
(
Eσ
~ωz
)2/3
s1/3α2/3, (S1)
where s = V¯ /Eσ is the average disorder strength normalised to the correlation energy. We now estimate explicitly this
effect for our experiment, where ωz = 6.1 kHz, and Eσ = h · 3.2 kHz. We have numerically determined the statistical
distribution of α in speckle patterns. The distribution of binding energies is then computed from S1. The results are
presented in figure S2 as a function of s. The maximum value shown, s = 13, corresponds to the maximum value of
V¯ /µ ' 3.5 explored in the experiment. As expected from S1 the mean of the binding energy grows proportional to
s1/3. The relative width of the distribution δEb/Eb ' 1 is independent of s. Already at the validity limit s & 1 of this
classial regime, Eb is larger than twice the binding energy of the clean system, showing that the effects of disorder
dominate the pure effect of the confinement along z.
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FIG. S2: Statistical distribution of binding energies in a thin film of cold Fermions subject to a classical speckle potential,
normalised by the binding energy in the absence of disorder. Each vertical cut is a normalised histogram of occurrences of
binding energies.
Hence, we conclude that disorder tends to increase the binding energy of pairs, despite the fact that the pairs in a
clean film are only loosly bound. In the BEC-BCS picture, this means that a sufficiently strong disorder will always
drive the gas towards the BEC regime, and that the natural candidate for the strongly disordered gas is a Bose-glass
[S9, S10].
Interestingly, disorder also introduces random fluctuations of the binding energy, reflected in the broadening of
the binding energy distributions. Extending the usual definition of the 2D scattering length a2D =
√
~2/mEb
9to the disordered case, we are led to the conclusion that the gas acquires randomness in the two-body scattering
itself. Models with random interactions present some differences with respect to the usual case of random potential
background [S11]. They have been introduced in nuclear [S12, S13] and mesoscopic physics [S14], and cold atoms
could allow their experimental investigation in a novel environment.
We have discussed the case of the classical speckle for simplicity, but the picture should remain qualitatively valid
if atoms get localised by quantum interference rather than by classical trapping. In this case, a localisation energy
Eξ =
~2
mξ2 , where ξ is the localisation length, will play the role of the oscillation frequency in one minima, and at
constant s we expect an increase of the binding energy like E
2/3
ξ .
Also, these effects where computed at the point where the scattering length in three dimensions diverges, but the
qualitative effect of disorder on binding should remain valid for finite but large scattering length, comparable or larger
than the correlation length of the disorder.
Percolation analysis for a homogenous potential
We have applied the percolation analysis leading to figure 2e of the main text to the situation where the disordered
potential is replaced by a homogenous repulsive potential with a gaussian envolope of waists wx = wy = 18µm [S15].
Here the atom number was 7×104 and the trapping frequency of the quasi-2D confinement was 2.9 kHz. The distance
L within which the algorithm for finding the shortest path l was run, was reduced to L = 24µm to take into account
the smaller waist of the homogenous gate beam as compared to the speckle beam. Figure S3 shows a false-color
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FIG. S3: Map of normalised path length as a function of disorder strength (vertical axis) and density level (horizontal axis).
representation of the normalised path length l/L in complete analogy to figure 2e of the main text. For the density
level plotted on the x-axis we stick to the same units as in the paper, i.e. atoms per correlation area. The potential
amplitude V , plotted normalized to µ on the vertical axis, refers to the maximum of the repulsive gate potential.
With increasing gate power the threshold density nth, marked by the interface of coloured and grey regions, decreases
quickly, similar to the initial fast reduction observed in the disordered case. This is because the repulsive gate beam
continously reduces the density in the center of the channel. For V & µ there is no connecting path for a non-zero
n˜ any more because the density in the center of the channel has been entirely depleted. This is in strong contrast
to the disordered case of figure 2e in the main text, where an additional regime of small nth and large path lengths
is observed for V¯ & µ. Note also that the normalised path lengths at the thresholds may increase to values slightly
above the expected value of one for a perfectly homogenous density profile because the recorded density profiles are
not noise-free. This residual increase up to values of 1.2 × L is the same in the case of the homogenous gate beam
and in the case of the smooth regime of the disordered case.
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